ABSTRACT.--Using pairwise feeder tests, we studied preferences for sugars in Cape Sugarbirds (Promerops cafer) and Lesser Double-collared Sunbirds (Nectarinia chalybea). Birds were offered 20% (w:w) solutions of sucrose, fructose, glucose, and a mixture of equal parts of glucose and fructose. Cape Sugarbirds showed no preference among these sugars, whereas the order of preference in Lesser Double-collared Sunbirds was sucrose > fructose = hexose mixture > glucose. Both species showed strong "side biases," with individuals consistently drinking more from feeders offered on a particular side of the feeder pair. We suggest that this bias is a manifestation of stereotyped foraging behavior rather than lateralization or true "handedness." The absence of a sucrose aversion in "fynbos" (i.e. Cape Floristic Kingdom of southern Africa) nectarivores such as sugarbirds and sunbirds is not surprising because the fynbos is characterized by high floral diversity and low bird diversity and by the occurrence of both sucrose-dominant and hexose-dominant nectars. However, our findings contradict an earlier generalization that passerines prefer hexoses to sucrose. This generalization is based on studies of several American and European species and of one East African species, and it may be confounded by comparisons of specialized nectarivorous nonpasserines with generalized frugivorous/nectarivorous passerines. In separate feeding trials, both sugarbirds and sunbirds showed a strong aversion to the pentose sugar xylose, a nectar sugar newly described for the Proteaceae. 
sue. In our study of sunbirds and sugarbirds, we addressed this issue in greater depth and strived to separate the effects of feeder position from those of taste. Our results for Lesser Double-collared Sunbirds supplement data on sugar preferences that were collected using an experimental protocol very similar to that of the present study but which did not take "side bi-
ases" into account (Lotz and Nicolson 1996).
We now rectify this shortcoming.
METHODS
Bird capture and maintenance.--Adult birds were caught during the nonbreeding season (March to April 1995 and October 1995) using mist nets, and were housed separately in cages measuring 70 x 80 x 40 cm (sugarbirds) and 52 x 52 x 52 cm (sunbirds). The cages were covered with plastic-coated screen mesh (sugarbirds) or 30% shade cloth (sunbirds). We used 13 Lesser Double-collared Sunbirds (seven males and six females) and 13 Cape Sugarbirds. Only female sugarbirds were used, because the long tails of males hamper their movements in cages, and there is no a priori evidence supporting a sex-linked difference in diet or sugar preferences.
Birds were acclimated to captivity for four to six weeks, depending on date of capture, in outdoor enclosures sheltered from rain and wind. For the feeding trials, birds were moved to a laboratory where their cages were placed next to windows to approximate natural light cycles as closely as possible. Here, ambient temperature was partly controlled and ranged from 18 to 24øC. Sugarbirds had access at all times to fresh bathing and drinking water in dishes that were removed only during feeding trials. Sunbirds did not bathe daily as did the sugarbirds, and therefore were not offered bathing water as frequent- The solution was presented to the birds ad libitum in plastic feeders that are commercially manufactured for feeding graminivorous caged birds. These feeders have a colored plastic base with a protruding trough 3 cm long and 0.8 cm wide and a vertical well made of clear plastic that holds up to 120 mL of solution. Food was changed twice daily. At the end of the experiments, the birds were banded and released at the site of capture.
Preference tests.--During preference tests we used glass feeders made from 25-mL pipettes that permit measurement of volumes consumed to the nearest 0.05 mL. The bottom end of the pipette was expanded to form a glass bulb 2.5 cm in diameter, with a circular hole 4 to 5 mm in diameter. The drinking aperture was surrounded by a ring of red nail varnish (3 mm wide) to enhance its visibility; paired feeders were offered to the birds with the apertures 3 cm apart. Birds could thus reach both feeders in one visit, and choice between feeders did not involve an energetic element. Before the start of experiments, we checked that no spillage occurred from feeders by resting the feeder bulbs on white paper sheets and checking the sheets for signs of wetting. No such signs were observed after 4 to 8 h for any of the feed- readings. All feeding trials started between 0900 and 0945 and lasted 4 h for sugarbirds and 6 h for sunbirds. After two days, it became obvious that individual birds preferred one or the other side, sometimes exclusively, but that neither species showed true "handedness," or bias for a particular side. We ascertained this using a two-tailed t-test to examine departures of preference indices (volume consumed from left feeder/total volume consumed) from a hypothetical mean of 0.5. We combined data from experiments 1 and 7 (described below), and from the two data sets summarized in Tables 1 and 2 There were no significant departures of overall preference indices from 0.5.
We then carried out a series of seven feeding trials in which we explored the effects of side biases on tests for sugar-type preference: (1) Paired feeders side by side with apertures 3 cm apart, placement in cage constant (n = 9 and 12 for sugarbirds and sunbirds, respectively, offered for two days); (2) a single feeder at each end of the cage (five birds, four days); (3) paired feeders with U-shaped ends (Martinez del Rio 1990) rather than bulbs, hence with the drinking apertures 2 mm rather than 3 cm apart (five birds, three days); (4) four feeders in a row (five birds, two days); (5) four feeders in a row, with positions changed every hour by moving the feeder from the farthest right position in the row to the farthest left, so that each feeder occupied every position for 1 h (five birds, three days); (6) six feeders in a ring (three birds, one day); and (7) paired feeders switched on subsequent days from one end of the cage to the other (seven birds, four days). Sugarbirds and sunbirds were used in experiment 1, but only sugarbirds were used in experiments 2 to 7. On the basis of feeding patterns observed with these arrangements, we chose a simple pairwise presentation of adjacent feeders for the preference tests described below.
Sugar preferences.--We used the above protocol for sugarbirds and sunbirds to measure consumption of four 20% sugar solutions: pure glucose, pure fructose, pure sucrose, and an equal mixture of glucose and fructose (i.e. the hexose mixture). These offered a total of six possible pairwise combinations, the presentation order of which was randomized. Solutions were presented to the birds in two separate feeders that remained in one position throughout each feeding trial. The same sugar pair was presented on two t  97  50  96  23  99  9  97  7  91  99  50  97  68  2  43  37  99  0  98  6  92  16  39  87  3  97  51  it  1  0  1  3  3  4  2  2  2  0  0  0  0  t  2  0  2  t  2  0  2  0  t  1  0  2  t  t  12  1  t  0  3  8  2  5  2  6  0  0  0  19  4  2  2  0  2  6  2  0  1  4  0  0  1  0  2  13  t  94  14  73  3  93  37  88  42  93  10  22  93  55  2  61  2  97  I  69  4  61  45  96  7  6  96  45 consecutive days, with the position of the solutions reversed on the second day and with the order of initial presentation randomized. A fifth 20% solution of pure xylose (analytical grade; Saarchem, Cape Town) was included in an initial series of feeding trials on sugarbirds that was abandoned after two days. During those two days, a randomly selected subset of five birds was scheduled to receive xylose in combination with one of the other sugar solutions. Of these five birds, two showed signs of disorientation and weakness after drinking 5.7 and 4.9 mL of the xylose solution over 2 h, one drank 6 mL of xylose with no apparent ill effects, and two drank greatly reduced volumes of xylose when this was presented on their favored side (2.1 mL and t.2 mL vs. 13.9 mL and 9.7 mL, respectively, of the palatable mixture presented on the same side on the previous day). This feeding-trial series was terminated, and its results taken as sufficient evidence of a xylose aversion to warrant a separate treatment of xylose taste preferences. Lesser Doublecollared Sunbirds are averse to pure 20% xylose and to a 30% mixture comprising 20% glucose and 10% xylose (Lotz and Nicolson 1996).
To explore the effects of xylose concentration on taste preferences, we carried out a separate series of 4-h pairwise feeding trials on six sugarbirds. We of- birds with consistent side preferences were used. We progressively increased the size of the xylose moiety of the 20% total sugar in solution so that xylose con- Table 3 ). In all cases the interaction between the main effects was not statistically significant, and individual variation had no effect on volume consumed except for experiment 7. To illustrate the persistence of side biases in both bird species, we show data for experiment 1 (see Figs. 1 and 2 ed from a left-hand bias in trial 1 to a righthand bias in trial 2. In contrast, sunbirds (Table   2 ) showed significant preferences for sucrose over glucose (trial 1: t = 3, P < 0.005; trial 2: t = 11, P < 0.02) and for sucrose over the hexose mixture (trial 1: t = 5, P < 0.005; trial 2: t = 11, P < 0.02). Sunbirds also showed weak (bordering on significant) preferences for fructose over glucose (t = 19 and 18 for trials 1 and 2 respectively, 0.05 < P < 0.1) and for the hexose mixture over glucose (trial 2: t = 16, P < 0.05, n = 13 in all cases). The above comparisons were within trials; only a minority of sunbirds showed the same preference in both trials (four preferred sucrose to glucose, and three preferred sucrose to the mixture). Thus, the order of sugar preference for sunbirds was sucrose > hexose mixture = fructose > glucose. In a study of three species of hummingbirds, Cole et al. (1982) reported that birds learn more easily to go to a new feeder position ("win-shift learning") than to return to a previously profitable feeder site ("win-stay learning"). They suggested that win-shift learning increases foraging efficiency when a resource is depleted after a single visit, as are hummingbird flowers.
In contrast, the nectarivores that we studied preferred to return to the same feeder position. Our feeders offered an infinite, nondepleting food source sensu Gass ( Energy density is known to influence ingestion rates of sugar solutions by nectarivores (see below), so we used only 20% (w:w) total sugar solutions in preference tests between different sugar types. A converse approach,
